Applicability of a solution model for calculating salt's solubility in binary solvent mixtures was shown. The accuracy of the proposed model was evaluated by computing mean percentage deviation (MPD) employing available solubility data of electrolytes in binary solvents at various temperatures from the literature. The overall MPD (؎S.D.) for correlation of solubility data was 4.7؎5.1% and for prediction using model trained by a minimum number of experimental data points was 10.5؎12.5%.
Solubility data of electrolytes is required in many process designs in chemical/pharmaceutical industry. Although the solubility of most common electrolytes in water and many organic solvents are available in the literature, the solubility values in mixed solvents are available for a limited number of electrolytes/mixed solvent systems. The basic solution model, i.e. the Jouyban-Acree model, presented by Acree 1) was used to correlate different physicochemical properties in mixed solvent systems which has been briefly reviewed in a recent publication.
2) Theoretical basis of the model for describing the chemical potential of solutes dissolved in mixed solvents 1) and acid dissociation constants in aqueous-organic mixtures 3) have been provided earlier. The model constants of the Jouyban-Acree model represent differences in the various solute-solvent and solvent-solvent interactions in the mixture.
1) Therefore, it should be able to calculate any physico-chemical property in mixed solvents, which is a function of solute-solvent and/or solvent-solvent interactions. The Jouyban-Acree model has been extensively tested on the solubility of non-electrolytes in both aqueous and non-aqueous solvent mixtures, [4] [5] [6] however, it has not been used to model the solubility of electrolytes and/or zwitterionic solutes in mixed solvent systems. The aim of this work is to check its applicability on the solubility modeling of electrolytes in binary solvents. This could be used to check for possible outlier points in the experimentally collected data and also to predict unmeasured data after training the model using a minimum number of experimental data.
The general form of the Jouyban-Acree model for representing a physico-chemical property in a binary solvent mixture is: (1) where P m , P 1 and P 2 are the numerical values of the physicochemical property of the mixture and solvents 1 and 2, respectively, f 1 and f 2 are the volume (weight or mole) fractions of solvents 1 and 2 in the mixture and K i represent the model constants calculated using a no intercept least square method.
7) The adopted model for representing the solubility of electrolytes in binary solvent mixtures is: (2) where S denotes the solubility of the electrolyte, subscripts m, 1 and 2 are the mixed solvent and neat solvents 1 and 2, respectively, and W i is the model constant. The numerical values of ln S 1 and ln S 2 represent solute-solvent 1 and solute-solvent 2 interactions whereas W i represents solute-mixed solvent interactions. In some cases, the numerical values of S 1 and S 2 are not available, and Eq. 2 could be rearranged as: (3) where J 1 and J 2 are the model constants.
Computational Results and Discussion
The solubility of electrolytes in binary solvent mixtures was fitted to Eq. 2 (with qϭ2) and the back calculated solubilities were used to compute the mean percentage deviation (MPD) values. This analysis has been called correlative analysis. The best fit result was shown for sodium carbonate in waterϩethylene glycol with MPD of 0.2%. More details of the model for describing the solubility of sodium carbonate in waterϩethylene glycol at 40°C are:
The higher values of the correlation coefficient (R) and the F statistics mean that the model is able to correlate the ln S m with the independent variables (f 1 and f 2 ) and the significance level of the correlation (p) is less than 0.0005.
The worst MPD was 24.0% for Cu(IO 3 ) 2 in methanolϩ N,N-dimethylformamide. Details of solubility data and also the model are given in Table 1 . The overall MPD (ϮS.D.) for 30 data sets (for details of data sets see analysis.
7)
The latter produced more accurate correlations than the former for the solubility of non-electrolytes in aqueous binary solvent mixtures. 7) This has been checked in the present work using 27 data sets having the S 1 and S 2 values (data set numbers 1-27 in Table 2 ) and again the second method gave the best fit for the solubility of electrolytes in binary solvent mixtures. The overall MPD (ϮS.D.) of the Jouyban-Acree model using classical least squares analysis was 5.7Ϯ6.4%. The corresponding value for the no intercept least squares analysis was 4.8Ϯ5.4% and the mean differences of overall MPD for two numerical methods, i.e. no intercept and classical least squares analyses, was statistically significant (paired t-test, pϽ0.004).
As it has been noted in introduction, the fitting ability of a model could be used to screen the collected experimental data to detect possible outliers in order to re-determination. As an example, solubility datum of Cu(IO 3 ) 2 in methanolϩ dimethylformamide at f 1 ϭ0.9 produced high error when it is compared with the back-calculated value using the model. This means that the researcher should re-determine the datum. By excluding the datum from the calculations, the obtained MPD for the mentioned data set was 9.7%. It should be noted that we have used the data without further modifications in this study.
To represent the prediction capability of the JouybanAcree model, a minimum number of five experimental data points from each set. i.e. solubility of electrolytes at f 1 ϭ0, 0.3, 0.5, 0.7 and 1.0, were used to compute the model constants, then the solubility data at other solvent compositions were predicted using the trained model. The number of predicted data points and also MPD of predictive analysis were listed in Table 2 . As it was expected the highest and the lowest prediction MPDs belong to the same data sets producing the highest and the lowest correlative MPDs. To check the individual percentage deviations (IPD) for correlative and predictive analyses, the IPD values sorted in there error ranges, i.e. Յ4%, 4-10% and Ͼ10% were computed and shown in Fig. 1 . The probability of solubility prediction error using the proposed method with IPDϾ10 by employing five experimental data points as training set is less than 0.30.
In conclusion, the proposed model produced accurate calculations and could be used to represent the solubility of electrolytes in binary solvent mixtures.
Experimental Data and Computational Methods
To show the applicability of the model, available experimental solubility data of electrolytes in binary solvent mixtures with more than eight data points were collected from the literatures. Because of the existence of curvefitting parameters of the model, it correlates the solubility in mole fraction (mass/volume fractions), gram and/or mole per liter of solutes to the solute free mole fractions (volume or mass fractions) of the solvents in the mixture.
To assess the accuracy of the proposed equation, the experimental S m values were fitted into the equation and the mean percentage deviation (MPD) between experimental and calculated S m values is considered as an accuracy criterion. The MPD is defined as:
where N is the number of experimental data points in each set. To test the individual percentage deviations (IPD), the IPD was computed using: 
